Compression-impression f o s s i l s of t r e e f e r n stems often exhibit the configuration of the vascul a r bundle of the leaf p e t i o l e .
ions
ABSTRACT Compression-impression f o s s i l s of t r e e f e r n stems often exhibit the configuration of the vascul a r bundle of the leaf p e t i o l e .
The shape of the t r a c e i s one of the major c r i t e r i a used to d i s t i nguish higher taxa (genera or even families) among the t r e e ferns.
Thus compression-impression foss i l s can yield information on the n a t u r a l c l a s s i f ication of these stems. Two d i s t i n c t configurations of t h e vascular bundle a r e known from t r e e f e r n stems of Pennsylvanian and Mississippian age. One i s a sequence of shapes from horseshoe-shape t o a closed oval containing one i n t e r n a l trace.
This sequence occurs on stems with four or more rows of leaf scars i n the genus Caulopteris Lindley and Hutton, 1832. It i s a l s o found i n stems with only two rows of leaf scars i n the mature stem; these stems a r e called Megaphyton A r t i s , 1825.
The other configuration of the vascular bundle i s a sequence of shapes from a closed rectangular external t r a c e having a deeply indented abaxial s i d e and one i n t e r n a l t r a c e t o a stage i n which two external t r a c e s , each containing one int e r n a l t r a c e , have formed.
An intermediate stage of the sequence i s an external rectangular t r a c e , a l s o indented, with two i n t e r n a l traces.
This sequence i s found only on stems with two rows of leaf scars.
To separate t h i s sequence from Megaphyton, which a l s o has two rows, a new genus, Artisophyton, i s proposed i n t h i s paper.
Size, form, and arrangement of the leaf scars a r e so varied t h a t i t i s uncertain whether n a t u r a l species can be established within these three genera.
It i s suggested here t h a t t h e height t o width r a t i o i n r e l a t i o n t o the s i z e i s adequate t o delineate form-species.
In I l l i n o i s several form-species of Caulopteris, one formspecies of Megaphyton, and two form-species of Artisophyton a r e known.
INTRODUCTION
The study of compression-impression fossils of stems of tree ferns in Illinois provides new information that helps to differentiate taxa. The genera can be more easily delineated than the species, which show a great variability in their characters.
In the literature of tree ferns in Illinois, only petrifactions have been systematically treated (Gillette, 1937; Morgan, 1959; Stidd, 1971) . The compression-impression species were illustrated in general compression flora studies (Lesquereux, 1866 (Lesquereux, , 1870 (Lesquereux, , 1879 (Lesquereux, -1884 Janssen, 1957; Langford, 1958 Langford, , 1963 . The most recent report on the stems of Paleozoic tree ferns in general was given by Andrews and Doubinger (in Boureau, 1970 ).
Materials
The specimens described in this study are, with a few exceptions, from the same shales that have yielded large numbers of other compressionimpression fossils. Their positions in the stratigraphic section are shown in text figure 1, their localities in text figure 2.
The "Lower Chesterian" (text fig. 1 ) would be approximately equivalent to the uppermost ~isgan in European time-stratigraphy. The beds of Pennsylvanian age that have yielded stems are most probably equivalent to the upper part of the Westphalian and the lower part of the Stephanian.
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Text fig. 1 -Occurrence of tree fern stems in compression floras in Illinois.
In the descriptions of specimens from some of the collections used, localities are not precise. In some, only the name of a nearby town or 'mine is given. However, in all cases there was enough information to assign at least an approximate stratigraphic position.
In Illinois tree fern stems are preserved both as petrifactions and as compression-impression fossils. The compression-impression fossils have been found in Illinois in four modes of preservation: Text f i g . 2 -L o c a l i t i e s a t which stems of t r e e f e r n s have been found i n I l l i n o i s (1 -Braidwood; 2 -Morris; 3 -Herrin; 4 -Murphysboro; 5 -P e o r i a ; 6 -Bay C i t y ; 7 -W e s t v i l l e ; 8 -Carmi).
Limits of t h e Pennsylvanian System i n I l l i n o i s a r e shown.
TAXONOMY
Megaphyton Artis, 1825
Synonym: Zippea Corda, 1845
Emended diagnosis.-Stem of t r e e f e r n (compression o r impresi o n ) ; l e a f s c a r s i n two v e r t i c a l rows on o p p o s i t e s i d e s of t h e stem; l e a f s c a r s o v a l t o r e c t a n g u l a r l y o v a l ; t r a c e of v a s c u l a r bundle w i t h s t e w a r t i o p t e r o i d o r s t i p i t o p t e r o i d c o n f i g u r a t i o n .
Discussion.-Specimens of Megaphyton can b e d i s t i n g u i s h e d from t h o s e of Caulopteris only i f a t least h a l f of t h e s t e m ' s o u t e r s u r f a c e i s preserved.
I f t h e r e i s o n l y one row of l e a f s c a r s w i t h o u t a d j a c e n t t i s s u e , t h e specimen may belong t o e i t h e r genus. Lesquereux, 1866 Text f i g . 3 , A; p l . 5, f i g . Holotype: ISM 1632.
Megaphyton protuberans
Occurrence: S i l t y , y e l l o w i s h sandstone, Bay C i t y , Pope County, I l l i n o i s .
Age: C h e s t e r i a n (probably e a r l y ) .
The specimen was f i g u r e d f i r s t by Lesquereux and l a t e r by J a n s s e n ; i n b o t h f i g u r e s t h e specimen was u p s i d e down, probably because t h e lower t h i r d of t h e l e a f s c a r p r o t r u d e s s t e e p l y outward and t h e boundary of t h e l e a f s c a r i s most c l e a r l y v i s i b l e t h e r e . T h e r e f o r e , t h e lower t h i r d was considered t h e d i s t a l end of t h e l e a f s c a r . However, assuming t h a t t h e v a s c u l a r bundle was open towards t h e a d a x i a l s i d e , t h e c o r r e c t p o s i t i o n of t h e specimen would b e t h a t shown i n t h e f i g u r e s of t h i s paper.
The specimen i s 65 cm l o n g , h a s a diameter of more t h a n 10 cm, and d i s p l a y s n i n e l e a f s c a r s . The s c a r s a r e b a d l y p r e s e r v e d , b u t a few show a horseshoe-shaped v a s c u l a r bundle t h a t occupies o n l y t h e lower t h i r d of t h e l e a f s c a r . Measurements: The l e a f s c a r s a r e 5 mm a p a r t v e r t i c a l l y .
PENNSYLVANIAN TREE FERN COMPRESSIONS Langford (1958, f i g . 241) f i g u r e d a specimen having a row of l e a f s c a r s from t h e F r a n c i s Creek Shale Member a t Wilmington ( t e x t f i g . 3 , B) t h a t had been f i g u r e d b e f o r e by NO^ (1925, p l . 4 5 , f i g . 5) and Janssen (1957, f i g . 88). Langford designated t h i s specimen (UP 423 = UC 40001) Megaphyton braidwoodense, which i s a nomen nudum.
It i s not c l e a r whether t h e specimen belongs t o Megaphyton o r C a u l o p t e r i s . 
A r t i s o p h y t o n gene nov.
Diagnosis.-Stem of t r e e f e r n (compression or impression); l e a f s c a r s i n two v e r t i c a l rows on opposite s i d e s of t h e stem; l e a f s c a r s round o r rounded r e c t a n g u l a r ; l e a f s c a r s o f t e n i n continuous rows; outer t r a c e of v a s c u l a r bundle c l o s e d , w i t h deep i n d e n t a t i o n on t h e lower ( a b a x i a l ) s i d e ; some l e a f s c a r s may show a f i n a l s t a g e i n which t h e o u t e r t r a c e i s divided i n t o two s e p a r a t e closed t r a c e s ; i n n e r t r a c e developed from a s t r a i g h t l i n e i n t o two S-shaped t r a c e s ( t e x t f i g . 4 ) .
Derivation of name.-Artisophyton i s a combination of t h e surname of E. T . A r t i s , who recognized i n 1825 t h a t Megaphyton had much i n common w i t h l i v i n g t r o p i c a l t r e e f e r n s , and t h e Greek word f o r p l a n t (phyton) 0 Type species: Artisophyton approximatum (Lindley and Hutton, 1834) and descriptions of the vegetable remains found in a fossil state in this country: London, James Ridgway, v. 2, pl. 116. (Weiss, 1860) comb. nov.
A r t i s o p h y t o n g o l d e n b e r g i i
Basionym: Megaphytum g o l d e n b e r g i i
Weiss, E . , 1860, Ueber ein Megaphytum der Steinkohlen-Formation von ~aarbrkken: Zeitschrift der deutschen geologischen Gesellschaft, v. 12, figure on p. 510. (Lesquereux, 1866) (Lesquereux, 1866) Occurrences : Energy Shale Member ( s h a l e above H e r r i n (No. 6) Coal Member), Carbondale Formation; F r a n c i s Creek S h a l e Member ( s h a l e above C o l c h e s t e r (No. 2) Coal Member), Carbondale Formation; ? s h a l e above Murphysboro Coal Member, Spoon Formation.
A r t i s o p h y t o n i n s i g n i s
A r t i s o p h y t o n m c l a y i
Discussion
A r t i s o p h y t o n approximaturn h a s been chosen a s t h e t y p e s p e c i e s because i t i s t h e f i r s t published s p e c i e s having t h e c o n f i g u r a t i o n of t h e v a s c u l a r bundle a s d e s c r i b e d i n t h e d i a g n o s i s of t h e genus. I n I l l i n o i s o n l y two s p e c i e s of t h i s genus have been r e p o r t e d , A . m c l a y i and A . i n s i g n i s . The two s p e c i e s d i f f e r i n t h e h e i g h t t o width r a t i o s of t h e i r l e a f s c a r s ( t a b l e s 1 and 2; t e x t f i g . 5 ) . The s c a r s of A . m c l a y i a r e wider t h a n they a r e h i g h , w h i l e t h o s e of A . i ns i g n i s
a r e h i g h e r t h a n wide. Both s p e c i e s were 20 cm o r more i n diameter. (Weiss, 1860) , and A. m c l a y i (Lesquereux, 1866) a r e v e r y s i m i l a r i n h e i g h t t o width r a t i o . However, C r o o k a l l (1955, p. 75) p o i n t e d o u t t h a t t h e r e a r e d i f f e r e n c e s i n shape and i n s i z e . The s c a r s of A . a p p r o x i m a t u m a p p a r e n t l y do n o t touch each o t h e r , and t h e y a r e l e s s a n g u l a r t h a n t h o s e of A. mclayi and A. goldenbergii, which a r e s i m i l a r t o each o t h e r i n o u t l i n e . A. approximatum has t h e s m a l l e s t l e a f s c a r s of t h e t h r e e , and A. mclayi t h e l a r g e s t . Synonymy should n o t be e s t a b l i s h e d u n t i l European s p e c i e s have been r e v i s e d . 
A r t i s o p h y t o n m c l a y i was considered a synonym of A . a p p r o x i m a t u m by J a n s s e n (1940, p. 7 4 ) , who used h e i g h t t o w i d t h r a t i o a s a c h a r a c t e ri s t i c . A. approximaturn (Lindley and Button, l 8 3 4 ) , A . g o l d e n b e r g i i
Caulopteris Lindley and Hutton, 1832
Description.-Stem of t r e e f e r n (compression o r impression) ; l e a f s c a r s i n more t h a n two v e r t i c a l rows, forming e i t h e r d i a g o n a l rows o r whorls; l e a f s c a r s round o r o v a l , e n t i r e l y i s o l a t e d , o r connected i n v e r t i c a l d i r e c t i o n w i t h t h e n e x t s c a r , o r covering t h e whole stem; t r a c e of v a s c u l a r t i s s u e w i t h s t e w a r t i o p t e The scar is narrow toward one end, and the vascular bundle is not completely visible. Thus the proper orientation is uncertain. Because there is an indented groove in the stem, starting at the open end of the scar (pl. 3, fig. 2 ), it would appear that the open end was toward the top. However, if we interpret the internal trace as similar to the traces seen in C a u l o p t e r i s species B and D (text fig. 7 ), the wider side would be toward the top. The latter interpretation was used for text figure 7, F.
The specimen was found near Carmi in White County, Illinois, and is probably from the Bond or Mattoon Formation. Only the holotype of this species (ISM 1747) is known, It was redescribed and discussed by Janssen (1940) . Three specimens of C a u l o p t e r i s (~i e l d Museum PP 11797, PP 11798, PP 17785) show t r a c e s of t h e v a s c u l a r bundle i n t h e stem. The stems a r e p r e s e r v e d a s i r o n s t o n e c a s t s found i n t h e F r a n c i s Creek S h a l e n e a r Wilmington.
I n t h e specimens t h r e e o r f o u r c i r c l e s of v a s c u l a r bundles a r e p r e s e n t . They a r e always somewhat removed from t h e i r o r i g i n a l p o s i t i o n , and t h e stems a r e i n some p l a c e s incomplete a t t h e margin. S e c t i o n s a r e shown i n t e x t f i g u r e 8.
I n specimens w i t h t h i s t y p e of s c a r , t h e s c a r s a r e f a r a p a r t . From t h e o u t s i d e , t h e l e a f s c a r s a r e q u i t e d i f f e r e n t i n appearance from t h o s e d e s c r i b e d i n C a u l o p t e r i s s p . A t o D. I n ~a u l o~t e r i s /~s a r o n i u s s p . t h e l e a f s c a r s a r e e l o n g a t e and open on one end. T h i s narrow, open end i s probably t h e lower end of t h e s c a r . The o r i e n t a t i o n i s b e s t d e r i v e d from examination of specimen PP 11797 ( p l . 3 , f i g . I ) , i n which t h e upper margin of t h e l e a f s c a r comes
Text f i g . 8 -Cross s e c t i o n s through specimens of ~aulopteris/~saronius sp. from t h e F r a n c i s Creek Shale of n o r t h e r n I l l i n o i s . A-C, specimen PP 17785, s e c t i o n s about 25 mrn a p a r t ; D-E, specimen PP 11797, s e c t i o n s about 85 mm a p a r t ; F-G, specimen PP 11798, s e c t i o n s about 230 mm a p a r t . o u t of t h e stem.
Specimens To Be Excluded from C a u l o p t e r i s S e v e r a l specimens i d e n t if i e d a s C a u l o p t e r i s should b e t r a n s f e r r e d t o o t h e r genera: "~a u l o p t e r i s~' r a d i c a n s (Lesquereux, 1866) J a n s s e n , 1940, i s a d e c o r t ic a t e d lycopod stem. "~a u l o p t e r i s " acantophora Lesquereux, 1870, i s a mass of h a i r y axes o r r o o t s . "~a ul o p t e r i s l ' l a n g f o r d i J a n s s e n , 1940, i s a L e p i d o p h l o i o s a s recognized by Langford (1958). The specimens f i g u r e d by Langf ord (1963, p. 175-179) a s C a u l o p t e r i s a r e a c t u a l l y r o o t mantles of t r e e f e r n s ( f i g .
757a and b) , a problematicum ( f i g s .
758-760), and d e c o r t i c a t e d lycopod s t e m s ( f i g s . 761-765).
DISCUSSION
The c h a r a c t e r i s t i c s . u s e d i n c l a s s i f y i n g stems of P a l e o z o i c t r e e f e r n s a r e : 1 ) shape of vasc u l a r bundle and 2) t h e p r e s e n c e of two rows o r more t h a n two rows of s c a r s i n t h e mature stem.
On t h e b a s i s of t h e s e c h a r a c t e r i s t i c s , f o u r stem genera can b e recognized: C a u l o p t e r i s , Megaphyton, Hagiophyton, and A r t i s o p h y t o n .
The stem genera a r e shown diagrammatically i n t e x t f i g u r e 9.
Megaphyton h a s o f t e n been d e f i n e d o n l y by t h e d i s t i c h o u s posit i o n of t h e l e a f s c a r s w i t h o u t r e g a r d t o t h e form of t h e v a s c u l a r bundle. Thus specimens c a l l e d
Megaphyton o f t e n included s p e c i e s w i t h horseshoe-shaped t r a c e s a s w e l l a s t h o s e w i t h c l o s e d t r a c e s having an i n d e n t a t i o n a s shown i n t e x t f i g u r e 4. However, d i f f e r e n c e s i n configu r a t i o n of t r a c e s a r e much more meaningful f o r a s y s t e m a t i c s u
b d i v i s i o n t h a n i s t h e d i s t i c h o u s arrangement of t h e s c a r s . T h e r e f o r e , t h e genus Megaphyton must b e d i v i d e d . A r t i s (1825) d e s c r i b e d
Megaphyton a s having " c i c a t r i c e s n e a r t o g e t h e r , horseshoe-shaped w i t h t h e p o i n t s upwards1' ( e x p l a n a t i o n of p l a t e 20). The p l a t e i t s e l f , however, does n o t show t h i s f e a t u r e c l e a r l y . horseshoe-shaped t r a c e , and h e i l l u s t r a t e d t h e t r a c e w i t h a drawing. Corda's specimen i s i n t e r e s t i n g because some i n t e r n a l f e a t u r e s can b e seen. The stems a r e preserved i n s a n d s t o n e and a r e s t i l l round. The o u t l i n e of t h e v a s c u l a r bundle i s v i s i b l e a s a band of carbon i n t h e c r o s s sect i o n of t h e stem. The v a s c u l a r bundles a r e band shaped l i k e t h o s e i n Psaroni u s .
S i m i l a r circumstances surround t h e f i r s t d e s c r i p t i o n of z i p p e a by Corda (1845). Even though t h e f i g u r e of t h e t y p e s p e c i e s of Zippea d i s t i c h a does n o t show any t r a c e of a v a s c u l a r bundle, Corda (1845) s t a t e d t h a t he had o t h e r specimens which show a
For t h e stems which have i n t h e i r l e a f s c a r s a c o n f i g u r a t i o n of t h e v a s c u l a r bundle a s shown i n t e x t f i g u r e 4 , t h e new name
A r t i s o p h y t o n i s used.
Hagiophyton i s v e r y s i m i l a r t o Megaphyton and might w e l l b e a synonym of i t . The only d i f f e r e n c e is t h a t i n Hagiophyton, as d e s c r i b e d by C o r s i n (1948), a sclerenchymous band surrounds t h e v a s c u l a r t r a c e .
N a t u r a l S y s t e m a t i c s I n t e r n a l s t r u c t u r e s have been found i n connection w i t h s p e c imens of C a u l o p t e r i s and Megaphyton. T h e r e f o r e i t i s e s t a b l i s h e d and w e l l known t h a t t h e s e two genera belong t o t h e P s a r o n i u s group and can b e c l a s s i f i e d a s M a r a t t i a c e a e .
There i s , t o my knowledge, no s t r u c t u r a l l y preserved m a t e r i a l t h a t can b e a t t r i b u t e d t o A r t i s o p h y t o n . Information on t h e s y s t e m a t i c p o s i t i o n of A r t i s o p h y t o n i s t h e r e f o r e r e s t r i c t e d t o c i r c u m s t a n t i a l evidence. C o r s i n (1948) made t h e p o i n t t h a t A r t i s o p h y t o n (he c a l l e d i t ~e g a p h y t o n )
probably b o r e f o l i a g e of t h e P e c o p t e r i s plumosa-P. p e n n a e f o r m i s group, which b e a r s S e n f t e n b e r g i a s p o r a n g i a . H i s r e a s o n i n g was as f o l l o w s . The v a s c u l a r t r a c e i n A r t i s o p h y t o n d i v i d e s i n t o two independent t r a c e s ( t e x t f i g . 4 ) . T 
i d s , and t h e P e c o p t e r i s plumosa-P. p e n n a e f o r m i s
group. The pteridosperms w i t h forked f r o n d s and t h e c o e n o p t e r i d s w i t h f o r k e d f r o n d s have t o t a l l y d i f f e r e n t types of v a s c u l a r bundles from t h o s e of A r
t i s o p h y t o n . Thus t h e only p o s s i b i l i t y l e f t among t h e known groups w i t h forked f r o n d s i s t h e P e c o p t e r i s plumosa-P. p e n n a e f o r m i s group. F u r t h e rmore, P . plumosa and t h e r e l a t e d s p e c i e s t h a t have v e r y l a r g e f r o n d s occur i n t h e same beds a s A r t i s o p h y t o n , which had l e a f s c a r s up t o 12 cm i n diameter. T h i s a s s o c i a t i o n of P . plumosa and r e l a t e d s p e c i e s w i t h A r t i s ophyton occurs i n n o r t h e r n France a s w e l l a s i n I l l i n o i s . Thus t h e r e i s a t l e a s t a p o s s i b i l i t y t h a t A r t i s o p h y t o n stems b o r e P e c o p t e r i s plumosa f o l i a g e w i t h S e n f t e n b e r g i a s p o r a n g i a . S e n f t e n b e r g i a h a s been c l a s s i f i e d w i t h t h e Schizeaceae on t h e b a s i s of t h e s t r u c t u r e of t h e s p o r a n g i a . J e n n i n g s and Eggert (1972). i n v e s t i g a t e d t h e anatomy of S e n f t e n b e r g i a and i t s f o l i a g e and considered
t h e genus a coenopterid f e r n . It could f o l l o w t h a t t h e r e were coenopt e r i d t r e e f e r n s i n Pennsylvanian time. 1959, 1961) was t h e s m a l l v a r ia t i o n i n t h e shapes of t h e vascul a r bundle.
D i f f e r e n c e s Between S p e c i e s The c h a r a c t e r i s t i c widely used i n d i f f e r e n t i a t i n g t h e 100 s p e c i e s of C a u l o p t e r i s and t h e 43 s p e c i e s of Megaphyton and A r t i s o p h y t o n (number of s p e c i e s from t h e l'Fossilium Catalogus , ' I Jongmans and D i j k s t r a ,
Renault and Z e i l l e r , 1888 (seen i n Andrews and Doubing e r , 1970) , however, d e s c r i b e d a specimen of C a u l o p t e r i s v a r i a n s t h a t showed d i f f e r e n t configurat i o n s of t h e v a s c u l a r bundle on one stem.
Recently S t i d d (1971) demonstrated t h a t d i f f e r e n t shapes of t h e l e a f t r a c e s i n P s a r o n i u s occur i n t h e b a s a l p a r t of t h e same r a c h i s ( t e x t f i g . 10).
I n e a r l i e r p u b l i c a t i o n s , t h e specimens r e p r e s e n t e d i n t e x t f i g u r e 10, A t o F , would have been t r e a t e d a s s i x s p e c i e s . Now t h a t t h e s e d i f f e r e n t v a s c u l a r configur a t i o n s have been recognized a s developmental s t a g e s , i t i s c l e a r t h a t they do n o t n e c e s s a r i l y i n d i c a t e s y s t e m a t i c d i f f e r e n c e s . The development shown i n t e x t f i g u r e 10, C t o D , seems t o i n d i c a t e a simpler p a t t e r n of t h e pinna t r a c e development t h a n t h a t shown i n t e x t f i g u r e 10, E t o F. From c o a l b a l l s two sequences of pinna t r a c e f o r m a t
i o n have been d e s c r i b e d ( s t i p i t o p t e r i s and s t e w a r t i o p t e r i s ) . A s S t i p i t o p t e r i s and S t e w a r t i o p t e r i s have been shown by S t i d d (1971) t o occur w i t h i n t h e same r a c h i s , even t h i s d i s t i n ct i o n does n o t i n d i c a t e a s y s t e m a t i c d i
f f e r e n c e . S i z e , shape, and r e l a t i v e p o s i t i o n s of l e a f s c a r s a r e a n o t h e r s e t of supposedly s p e c i f i c c h a r a c t e r i s t i c s . However, i n l i v i n g s p e c i e s of t r e e f e r n s , extreme v a r i a t i o n s of t h e s e c h a r a c t e r i s t i c s have been observed ( s e e t e x t f i g . 1 1 ) . Most l i v i n g t r e e f e r n s belong t o t h e Cyatheaceae, which a r e taxonomically and p h y l o g e n e t i c a l l y q u i t e d i s t a n t from t h e M a r a t t i a c e a e . However, t h e two groups a r e s t r u c t u r a l l y q u i t e similar, and t h e r e f o r e comparisons of morphological c h a r a c t e r i s t i c s a r e v a l i d . D i f f e r e n c e s i n s i z e and shape of l e a f s c a r s can occur i n l i v i n g Cyatheaceae on d i f f e r e n t stems of t h e same s p e c i e s o r even on d i f f e r e n t p a r t s of t h e same stem owing t o e c o l o g i c a l changes ( o r a l communication, P r o f e s s o r R o l l a Tryon and D r . A l i c e F. Tryon, 1973). I n t h e Pennsylvanian, arrangements of l e a f s c a r s i n C a u l o p t e r i s v a r y from d e n s e l y packed t o widely s e p a r a t e d ( t e x t f i g . 1 2 ) . I f we assume t h a t t h e f o s s i l forms grew t h e way t h a t t h e l i v i n g ones grow, a l l of t h e s e p a t t e r n s could occur i n one s p e c i e s .
Apparently, n a t u r a l s p e c i e s of t r e e f e r n s cannot b e d i s t i n g u i s h e d by l e a f s c a r p a t t e r n s . However, form-species can b e u s e f u l and should be c l e a r l y d e f i n e d . The l i m i t s f o r d e f i n i n g a form-species should b e l a r g e enough t o i n c l u d e a wide v a r i a t i o n of c h a r a c t e r i s t i c s b u t small enough t o show any t r e n d s of change t h a t might b e p r e s e n t . The f o l l o w i n g c h a r a c t e r i s t i c s a r e suggested f o r u s e and a r e used i n t h i s paper:
1) t h e h e i g h t t o width r a t i o of t h e l e a f s c a r ; 2) t h e s i z e ( h e i g h t ) of t h e l e a f s c a r ; and, t o a c e r t a i n degree, 3) t h e shape of t h e l e a f s c a r .
The d i f f e r e n t c o n f i g u r a t i o n s of t h e v a s c u l a r bundle found i n l e a f s c a r s of Artisophyton can b e i n t e r p r e t e d a s a developmental sequence i n one s p e c i e s ( t e x t f i g . 4 ) . The specimen shown on p l a t e 4 demonstrates t h a t d i f f e r e n t c o n f i g u r a t i o n s can and d i d occur on one stem. The s u g g e s t i o n t h a t d i f f e r e n t c o n f i g u r a t i o n s occur i n t h e same s p e c i e s was f i r s t made by C o r s i n (1948).
The s p e c i e s d i f f e r e n t i a t i o n i n Artisophyton must t h u s b e based on a r t i f i c i a l c h a r a c t e r i s t i c s ( s i z e and h e i g h t t o width r a t i o ) t h e same a s t h o s e used i n t h e o t h e r stem genera. The d i f f e r e n t i a t i o n i s somewhat s i m p l e r i n Artisophyton because t h e r e a r e only two t y p e s of l e a f s c a r s ,
t h o s e w i t h a h e i g h t t o width r a t i o g r e a t e r t h a n 1 ( h e i g h t > w i d t h ) and t h o s e w i t h a r a t i o of 1 and l e s s t h a n 1 ( h e i g h t < w i d t h ) .
O r i e n t a t i o n of Leaf S c a r s Most,of t h e l e a f s c a r s of C a u l o p t e r i s , Megaphyton, and A r t i s ophyton a r e found a s fragments of stems and t h u s do n o t a l l u w any conclus i o n s about t h e proper o r i e n t a t i o n ( a d a x i a l s i d e v e r s u s a b a x i a l s i d e ) . T h e r e f o r e , f i g u r e s i n t h e l i t e r a t u r e a r e o r i e n t e d e i t h e r way w i t h o u t r e g a r d t o t h e n a t u r a l o r i e n t a t i o n on t h e l i v i n g stem.
A horseshoe-shaped v a s c u l a r bundle occurs i n C a u l o p t e r i s , Megaphyton, and Hagiophyton. I f we assume t h a t t h e s e t h r e e genera were s i m il a r i n o r g a n i z a t i o n t o P s a r o n i u s and t h e l i v i n g M a r a t t i a c e a e , t h e proper o r i e n t a t i o n i s d e f i n e d . The horseshoe i s a d a x i a l l y ( a t t h e t o p ) open; and i n t h e c l o s e d s t a g e ( s e e t e x t f i g . 10, E and F ) , t h e i n n e r t r a c e i s i n t h e upper p o r t i o n of t h e o u t e r t r a c e . Unless t h e c o n t r a r y i s proven, a l l l e a f s c a r s of t h e s e t h r e e genera should b e shown i n t h a t o r i e n t a t i o n .
The o r i e n t a t i o n of t h e l e a f s c a r s of Artisophyton i s more probl e m a t i c a l because no comparable l i v i n g o r p e t r i f i e d p l a n t i s known. The o r i g i n a l o r i e n t a t i o n of t h e stem cannot b e determined from s i n g l e l e a f s c a r s t h a t occur i n i r o n s t o n e nodules. There i s , however, a specimen (ISGS PB-1298) i n which b o t h s i d e s of an Artisophyton stem a r e preserved ( p l . 4). A r e c o n s t r u c t i o n i s shown i n t e x t f i g u r e 13. The row of s c a r s t o t h e l e f t r e p r e s e n t s t h e d u t s i d e of t h e stem f a c i n g t h e viewer. On t h e r i g h t we l o o k i n t o t h e stem, t h e i n t e r n a l t i s s u e being gone and r eplaced by a t h i n s h a l e l a y e r . Thus t h e row of l e a f s c a r s on t h e r i g h t i s t h e compression of t h e o u t e r l a y e r of t h e stem a s i t a p p e a r s from t h e i n s i d e . T h i s i n f o r m a t i o n a l o n e does n o t y e t t e l l u s t h e n a t u r a l p o s i t i o n of t h e stem. Some d a t a d e r i v e d from t h e v a s c u l a r bundle must b e added. The p r e s e r v e d s u r f a c e s n o t only show t h e v a s c u l a r bundle i n c r o s s s e c t i o n b u t show a s h o r t p a r t of i t a s an i n c l i n e d r i b b o n . W e know t h a t t h e v a s c u l a r bundle o r i g i n a l l y grew upward and outward. I f we combine t h i s i n f o r m a t i o n w i t h t h e knowledge of t h e p o s i t i o n of t h e o u t s i d e of t h e stem i n t h e specimen, we can determine t h e natu r a l p o s i t i o n of t h e stem fragment. It becomes c l e a r from t h i s specimen (ISGS PB-1298) t h a t t h e i n d e n t a t i o n of t h e o u t e r v a s c u l a r bundle i s i n t h e lower ( a b a x i a l ) s i d e and t h a t t h e i n n e r t r a c e i s i n t h e upper p a r t of t h e s c a r . A r t i s , E. T . , 1825, A n t e d i l u v i a n phytology, i l l u s t r a t e d by a c o l l e c t i o n of t h e f o s s i l remains of p l a n t s , p e c u l i a r t o t h e c o a l f o r m a t i o n s of Great B r i t a i n . London: 13 p., 24 p l s . w i t h 24 p. of e x p l a n a t i o n .
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